Due to the low light levels during winter in greenhouses in The Netherlands, lily stems grow too tall and show a lack of firmness. 'Negative DIF', the negative difference between day and night temperatures (night temperature higher than day temperature), proved to be a simple and effective tool to reduce plant height and to enhance the firmness of the stems. Five Oriental lily cultivars, 'Star Gazer', 'Acapulco', 'Alliance', 'Casablanca' and 'Siberia', were forced in a greenhouse with a day temperature of 14°C and a night temperature of 20°C (negative DIF 6°C). Because forcers use 16 h of supplementary lighting per day, the day/night period was 16/8 h. The effects of negative DIF were compared with the effects of a constant greenhouse temperature with the same temperature sum. The Longiflorum 'Snow Queen' was used as a reference cultivar, well known for its strong response to negative DIF. The negative DIF regime yielded a shorter crop with firmer stems than a constant temperature. Other effects of negative DIF were a shorter forcing period and a reduction in upper leaf necrosis.
INTRODUCTION
Lilies are planted year-round in greenhouses for flower production. In The Netherlands in winter the light levels are too low to grow good quality lily flowers. In spite of the application of supplementary lighting the lily stems grow too tall and show a lack of firmness. Upper leaf necrosis is also a problem in lilies grown in greenhouses. In many ornamental plants a negative DIF treatment (DIF is the difference between day and night temperature, so a negative DIF means that day temperature is lower than night temperature) was shown to be an effective tool in reducing plant height (Vogelezang, 2000) . This paper describes the effects of negative DIF on plant height and the occurrence of upper leaf necrosis in Oriental lilies grown in The Netherlands in winter.
MATERIALS AND METHODS
Bulbs of the Oriental cultivars Acapulco, Alliance, Siberia and Star Gazer, 16-18 cm in circumference, and Casablanca, 18-20 cm in circumference, were forced in a greenhouse. Snow Queen, 14-16 cm in circumference, was planted as a reference. The lilies were planted on October 26, 1999 on boxes with pot soil. Bulbs differing in circumference were planted at different densities: 14-16 cm at 50 bulbs per m 2 , 16-18 cm at 40 bulbs per m 2 and 18-20 cm at 35 bulbs per m 2 . A constant temperature of 16-17°C was maintained in the control greenhouse. In another greenhouse compartment a negative DIF regime of 6°C was applied by creating a day temperature of 14 and a night temperature of 20°C. The temperature sum was equal in both greenhouses. Supplementary light was given 16 h per day with high-pressure sodium lamps between 01.00 and 17.00 h (1 lamp per 10 m 2 ). A diagram of the length of the natural day and night, the lighting period and the time course of the temperature in the greenhouses is shown in Fig. 1 . At the cutting stage the stems were harvested and stem length, stem weight, the number of buds and the number of stems showing upper leaf necrosis were determined. 
RESULTS
The greenhouse temperature did not affect the time of emergence of the lily stems (results not shown). At cutting stage the DIF treatment caused a reduction in stem length and weight of 13 and 7%, respectively, on an average compared with the control temperature (Table 1) . Even though stem weight was reduced, the firmness expressed as weight per cm was highest when grown under negative DIF. The forcing period was reduced by 11%. The effects of DIF on length, weight and forcing period in the reference cultivar, Snow Queen, were not significantly different from the mean values for the 5 Oriental cultivars. Snow Queen showed longer 'buds' when exposed to negative DIF. The cultivars Acapulco and Alliance developed shorter buds under negative DIF, which resulted in smaller flowers (Table 2) . No effect on bud length was observed in the cultivars Siberia, Star Gazer and Casablanca.
The occurrence of upper leaf necrosis was markedly reduced by the negative DIF treatment in the cultivars Acapulco and Star Gazer ( Table 3 ). The percentage of upper leaf necrosis was not significantly affected in the other cultivars. Greenhouse temperature did not influence the number of buds (results not shown).
DISCUSSION
Stem quality of Oriental lilies can be significantly improved during the winter months in The Netherlands by the application of negative DIF. Stem length and forcing period were reduced and stem firmness increased as a consequence of negative DIF (Table  1) . The effects were similar to the effects described by Erwin et al. (1989) for Longiflorum lilies.
In the cultivars Acapulco and Star Gazer negative DIF also reduced the occurrence of upper leaf necrosis. Chang and Miller (2004) ascribed the phenomenon of upper leaf necrosis to a shortage of calcium in the leaf caused by a lack of transpiration. Increasing transpiration rates reduces the chances of this negative quality parameter.
This study shows that negative DIF can also be an effective tool in controlling upper leaf necrosis, possibly mediated by an effect of DIF on transpiration. Fig. 1a . Diagram of the length of the natural day (white area) and night (shaded area), the lighting period (lamp symbols) and greenhouse temperature in the control greenhouse (constant 16-17°C) per 24 h. Fig. 1b . Diagram of the length of the natural day (white area) and night (shaded area), the lighting period (lamp symbols) and greenhouse temperature in the negative DIF greenhouse (14°C from 1.00 to 17.00 h and 20°C from 17.00 to 1.00 h) per 24 h. 
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